The use of suprasternal doppler techniques represents a potentially exciting advance in routine cardiovascular monitoring. Noninvasive devices using the doppler shift in ultrasound aim to provide the anaesthetist or intensive care physician with a one-time or continuous readout of cardiac output derived from a measurement of aortic blood flow velocity. However, doppler techniques for cardiac output measurement have a number of practical and theoretical problems which should be appreciated to ensure accurate measurement.
Briefly, a probe incorporating a continuous wave or pulsed doppler wave transducer is placed in the suprasternal notch. From the quality and clarity of the reflected sound, the transducer is angulated to detect maximal velocity in the ascending aorta. The mean systolic velocity is derived by spectral analysis of the maximum velocity during systole. The cardiac output is the product of mean systolic blood flow velocity and aortic cross-sectional area. The latter is derived from aortic diameter may be read from a nomogram for height, weight, age and sex or measured with 2D or M-mode echocardiography. The aortic cross-sectional area is assumed to be constant throughout systole.
The doppler equation is used to calculate the velocity (V) of a moving target, in this case, red blood cells, according to the formula: V = fc/2fo Cos e where f= change in frequency, c = velocity of sound in medium, fo = transmitting frequency, Cos e = angle of insonance (angle between direction of sound beam and direction of target).
The use of continuous wave doppler methodology poses several problems with velocity measurement. The continuous ultrasound wave measures flow along the entire length of the emitted beam, rather than at a specific depth as with a pulsed wave doppler technique. A continuous wave beam will measure flow in any vessel in line with the beam. Flow in the internal carotid artery and pulmonary artery may be measured rather than that in the aorta and subsequently yield a spurious cardiac output.
Calculation of the aortic cross-sectional area represents the greatest source of error in the measurement of cardiac output with any doppler technique. Conventionally, the estimation of area is dependent upon measurement of aortic diameter (d) which is subsequently squared in a flow equation (flow = mean spatial velocity X ~\ The operator may utilise a known aortic diameter, preferably that of the aortic annulus derived from 2D-echocardiography. The diameter of the aortic root is condsiderably larger than that of the aortic annulus, where maximum velocity would be detected. Use of the aortic root diameter to calculate the aortic crosssectional area will yield misleadingly high cardiac output values. l Ideally, on mathematical grounds the aortic blood velocity and aortic cross-sectional area should be measured at the same place. This is not possible with continuous wave methodology because there is no facility to specify the axial location of velocity measurement as is possible with pulsed doppler wave methodology which achieves this by timegating the reflected signals (range-gating).
Doppler techniques to estimate cardiac output utilise maximum aortic flow velocity rather than the mean spatial aortic flow velocity. The flow profile in the aorta has a flat or blunt profile in the ascending aorta, but this changes to a parabolic front in the descending aorta. 2 -4 Since the narrow ultrasound beam samples only a part of blood flow in the whole aortic cross-sectional area, use of the maximum velocity in the flow equation is likely to yield an artificially high cardiac output. Several studies, however, have compared continuous wave doppler techniques with invasive methods for measuring cardiac output and have concluded that it is reasonable to utilise the maximum velocity in the ascending aorta in the flow equation,U-8 but this has not been demonstrated for the descending aorta.
No method which uses doppler technology to measure cardiac output can be utilised with reliability in patients who have turbulent blood flow in the ascending aorta (for example, patients with aortic valve disease, those who have artificial aortic valves and those who are undergoing aortic surgery). Techniques utilising the suprasternal notch are difficult in any patient who has a rightsided aortic arch and they are impractical during head and neck surgery. Patients who have mediastinal emphysema or gas interposed between the transducer and the target area cannot be studied because air scatters ultrasound.
The ACCUCOM (Datascope Corp, New Jersey, USA) is a commercially available device for measuring cardiac output with continuous wave doppler transducers located in the suprasternal notch or oesophagus, enabling a one-time or continuous readout of cardiac output respectively. In addition to the theoretical problems previously discussed, this device has an additional number of practical problems. 1. The ACCUCOM has no visual display which would facilitate identification of the aortic flow profile and ensure correct identification of the systolic time interval. 2. Another problem concerns the aortic diameter which is selected from a nomogram of aortic diameter for body height, weight and sex. The aortic diameter is that of the annulus (personal communication, Bio-Spectrum Australia Pty Ltd). From the suprasternal notch, changes in cardiac output may be determined but the use of an aortic diameter selected from a nomogram, rather than by measurement, prejudices the cardiac output measurement as an absolute value. 3. There are several problems associated with the continuous cardiac output measurement technique. The cardiac output derived from the suprasternal notch is compared with a measurement of aortic flow velocity obtained from a second probe (with a transducer at an angle of 45°) located in the oesophagus which measures flow in the descending aorta. This application displays cardiac output every 15 seconds, averaged over 12 beats. The velocity signal in the descending aorta is calibrated with the suprasternal velocity signals. For this continuous monitoring of cardiac output with the ACCUCOM device, the ratio of ascending to descending aortic flow is assumed to be constant. It is thus assumed that regional changes in blood flow are not significant. It is also assumed that the flow profile in the descending aorta has a blunt leading edge. This is an unjustified assumption. While it is true that small variations in the angle of insonance from the suprasternal notch do not significantly alter the calculation of velocity, the same cannot be true of small variations in the angle of insonance from the oesophagus. The natural angle of insonance from the suprasternal notch is approximately 0° whereas from the oesophagus, the angle of insonance is specified at 45° by the construction of the transducer face. The relationship between angulation in degrees and its cosine is not linear. A 15° error in the angle of insonance from the suprasternal notch will alter the velocity calculation by only 3% (Cos 0° = 1.000 and Doppler techniques to measure cardiac output from the suprasternal notch are a major advance in noninvasive cardiovascular monitoring but should be approached with caution. With a continuous wave technique, vessels other than the aorta may be insonated, while with either pulsed or continuous wave techniques, major errors are possible if the aortic diameter is incorrectly measured. One device, the ACCUCOM, may give useful estimates of changes in cardiac output from the suprasternal notch but the use of the oesophageal transducer to trend cardiac output is open to serious criticism. Considerable experience would be necessary to yield reliable results and it is therefore unlikely to become a widely used method for monitoring of cardiac output, but rather a valuable tool in clinical research in co-operative adult patients.
